In this research, bis(2,2′-bipyridine)(4-methyl-2,2′-bipyridine-4′-carboxylic acid)ruthenium(II)·2PF6 -complex (1), was first used as a fluorescent chemosensor to recognize Cu(II) in EtOH/H2O (1:1, v/v) solution. The response of the sensor is based on the fluorescence quenching of complex 1 by binding with Cu(II). The analytical performance characteristics of the proposed Cu(II)-sensitive chemosensor were investigated. The sensor can be applied to the quantification of Cu(II) with a linear range covering from 5.0 × 10 -8 to 1.0 × 10 -4 M and a detection limit of 4.2 × 10 -8 M. The experiment results show that the response behavior of 1 to Cu(II) is pH independent in medium condition (pH 4.0 -8.0), and show excellent selectivity for Cu(II) over other transition metal cations.
Introduction
Copper plays an important role in the areas of biological, environmental and chemical systems. It is an essential trace element for both plants and animals, including humans. After zinc and iron, copper ranks the third in abundance in human bodies among the essential heavy metals. 1 However, copper is highly toxic to some organisms such as many bacteria and viruses. 2 It is also found to be harmful to human at increased concentrations.
The development of methods for the determination of trace amounts of copper ions in various samples is, therefore, of significant importance for environment and human health.
There are many methods such as spectrophotometric and fluorescent methods reported for the determination of trace amounts of copper ions. Owing to the advantages of simplicity and inexpensive instrumentation, spectrophotometric methods have often been used for the determination of copper ions. The main chromogenic reagents include 3,3′-(1,3-propanedyldiimine)bis(3-methyl-2-butanone)dioxime, 3 di-2-pyridyl ketone benzoylhydrazone, 4 substituted tungstophosphate with 3,3′,5,5′-tetramethybenzidine (TMB), 5 and anthraquinone derivative (Alizarin Red S). 6 Most spectrophotometric methods developed for the determination of copper ions are, unfortunately, not practically usable due to poor sensitivity and partly poor selectivity. These limitations can be circumvented by the use of fluorescent method, which are less prone to suffer such problems.
The past decades have witnessed increasing interest in fluorescent methods for the determination of Cu(II). The fluorophores reported in the literature include 4,5-dihydroxyl,3-benzenedisulfonic acid, 7 Gly-His peptidyl, 8 pyrene-attached macrocycle/cyclodextrin complex, 9 Calcein Blue, FluoZin-1, 10 11 4,4-difluoro-4-bora-3a, and 4a-diaza-s-indacene derivatives. 12 The sensitivity of fluorescent methods is much higher than that of spectrophotometric methods, but the fluorophores suitable for the determination of copper are still limited. Problems that can arise include the Stokes shift of the fluorophores being rather small, causing a relatively high background. Some fluorophores possess poor selectivity.
N-butyl-4,5-di[(pyridin-2-ylmethyl)amino]-1,8-naphthalimide,
Therefore, searching for new fluorophores for the determination of Cu(II) with nice analytical performance characteristics including high selectivity, mild measurement condition and large stokes shift is still a challenge for the analytical research efforts.
Polypyridine, especially tris(2,2′-bipyridine)ruthenium(II), is one kind of important fluorophore.
The assembly of oligopyridyl groups with Ru(II) to yield polymetallic species has been studied for the investigation of energy and electrontransfer processes. [13] [14] [15] However, few examples of these metallo complexes have demonstrated sensor properties. 16, 17 A feature which has attracted our attention is that some of them show good photophysical properties with strong fluorescence, large Stokes shifts and relatively long excitation (> 400 nm) and emission (> 600 nm) wavelengths that minimize the effects of the background fluorescence. This makes tris(bipyridine)-ruthenium(II) derivatives potential carriers for preparation of new fluorescent chemosensors.
In this research, we tried to use bis(2,2′-bipyridine)(4-methyl-2,2′-bipyridine-4′-carboxylic acid)ruthenium(II)·2PF6 -complex (1) (Fig. 1) 
Experimental

Reagents
Twice-distilled water was used throughout all experiments. All solvents for synthesis were dried and distilled prior to use. Bis(2,2′-bipyridine)(4-methyl-2,2′-bipyridine-4′-carboxylic acid)ruthenium(II)·2PF6
- (1) was synthesized according to a literature procedure, 18 and its spectroscopic and physical properties concurred with published data.
Except when specified, other chemicals were of analytical reagent grade and were used without further purification. 
Preparation of solutions
Apparatus
UV-Vis absorbance spectra were recorded with a Shimadzu MultiSpec-1501 spectrophotometer.
All fluorescence measurements were carried out on a Perkin-Elmer LS 55 luminescence spectrometer with the excitation slit set at 10.0 nm and emission at 10.0 nm. The pH measurements were carried out on a Mettler-Toledo Delta 320 pH meter. Data processing was performed on a Pentium IV computer with SigmaPlot software.
Measurement procedure
The fluorescence measurements were carried out at the maximum excitation wavelength of 458.0 nm and the maximum emission wavelength of 605.0 nm. Before each measurement, the solution was allowed to stand for 5 min to allow complete formation of metal-ligand complexes. The fluorescence intensity of 1 was gradually decreased with increasing Cu(II) concentration. This could be due to the lower fluorescence intensity of the Cu(II)-adduct of 1 (vide infra). These results provided a proof for the formation of an inclusion complex of 1 with Cu(II), which constitutes the basis for the determination of concentrations of Cu(II) with 1.
Rusults and Discussion
Spectral characteristics
In order to understand better the variation of fluorescence intensity with the concentrations of Cu(II), we recorded the absorption spectra of 1 in the absence of Cu(II) and in the presence of Cu(II) (Fig. 3) . The spectrum of 1 in the absence of Cu(II) is basically superpositions of those from the tris(bipyridine)ruthenium(II) unit and the tris(bipyridine) unit. There is a broad low-energy MLCT band with a maximum for 1 at 455 nm (ε = 2.03 × 10 4 M -1 cm -1 ) in the visible region and a π → π* transition absorption maximum at 286 nm (ε = 9.048 × 
Principle of operation
The complexation equilibrium of 1 (A) with Cu(II) (B) with a binding constant K can be expressed by the following equation:
Here Cu(II) (B) and 1 (A) are established with formation of a complex with a complexing ratio of m:n. The binding constant K depends on the law of mass action:
The relative fluorescence intensity α is defined as the ratio of free A, The response of 1 for different concentrations of Cu(II) is shown in Fig. 5 . Four curves are calculated using Eq. (5) with different K and ratios of Cu(II) and 1. It can be seen that the curve with 1:1 complex ratio and an appropriate binding constant K of 2.0 × 10 5 fit best to the experimental data. Thus, a two-coordinate mode of 1-Cu(II) complex could be proposed. In neutral buffer solution (pH 6.0), compound 1 will exist in deprotonation form; 20, 21 the two carboxylic acid oxygen atoms will be equal in this condition, and both of them could coordinate with Cu(II) ion (Scheme 1).
Effect of pH
The effects of pH on the fluorescence intensity of 1 in the absence and in the presence of Cu(II) were studied by adjusting the solution pH with hydrochloric acid and sodium hydroxide and fixing the Cu(II) concentration at 1.0 × 10 -5 mol L -1 ; the results are shown in Fig. 6 . At 4.0 < pH < 8.0, 1 is strongly fluorescent while the fluorescence of its complex with Cu(II) is largely quenched. However, a too much higher pH value would lead to formation of the precipitation of Cu(OH)2, which in turn, would reduce its complexation with 1, so fluorescence intensity would increase. With pH lower than 4.0, the fluorescence intensity of 1 decreases obviously with the decrease of the pH value. Similar results were reported for other polypyridinyl complexes of ruthenium with carboxylic groups. The possible mechanisms for the pH-dependent luminescence of these complex were proposed to be proton-induced quenching. 20, 21 These results show that the response behavior of Cu(II)-1 complex is pH independent in medium condition (pH 4.0 -8.0). From the view of sensitivity and response speed of sensor, pH 6.0 was chosen as optimum experimental condition.
Selectivity
The interference for a number of common species on the fluorescence determination of Cu(II) was investigated. The experiments were carried out by recording the change of the fluorescence intensity before and after adding the interference (the concentration was fixed at 1.0 × 10 -5 mol L -1 ) into the NaOAc-HOAc buffer solution of pH 6.0. The results for common inorganic ions are presented in Fig. 7 . Experimental results show that all the metal ions show no obvious interference for Cu(II) detection. Therefore, the sensor has a better selectivity for Cu(II) over other metal ions tested under the same conditions.
To test practical applicability of 1 as a Cu(II)-selective fluorescence chemosensor, we performed competition experiments. Thus, 1 (1.0 × 10 -5 mol L -1 ) was treated with 1 × 10 -5 mol L -1 Cu(II) in the presence of background metal ions which resulted in diverse fluorescence behaviors. As shown in Table 1 , 15 other background metal ions had small or no obvious interference with the detection of Cu(II) ions. These results suggested that compound 1 could be used as a potential Cu(II)-selective fluorescent chemosensor.
Conclusion
We have developed a fluorescent recognition method for Cu(II) in EtOH/H2O (1:1, v/v) solution by using 1. As a result of the remarkable quenching of the fluorescence intensity in the presence of Cu(II), it is possible for this complex to directly sense and detect Cu(II) by fluorescence intensity. The comparison of this method with some other fluorescence methods for the determination of Cu(II) indicated that the reagents and methods have advantages such as high selectivity, neutral medium and large Stokes shift over existing reagents and methods for the fluorescence determination of Cu(II). Accordingly, the proposed method may be used for a simple and sensitive determination of Cu(II) in biological samples or environmental water pollution.
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